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Non-Enzymatic Acyl Transfer from Lipids to Peptides is a General Process
Robert H. Dods, Jackie A. Mosely, John M. Sanderson.
Durham University, Durham, United Kingdom.
Acyl group transfer from glycerophospholipids to melittin has recently been
demonstrated using MS, LC-MS and LC-MSn methods (doi: c2ob07113d).
This transfer is not mediated by enzyme catalysis, but rather is a consequence
of the innate reactivity of the peptide toward lipids. Transfer from phosphati-
dylcholines (PCs) to melittin has been observed in a range of conditions of
salt (from water to physiological concentrations), temperature (20 C to
37 C) and peptide to lipid ratio (P:L = 1:100 to 1:5). Lipidated peptides
may be detected after 2–3 h, with a half-life for acyl transfer of ~24 h for me-
littin. Other peptides that have been found to undergo acyl transfer in this man-
ner include magainin II, PGLa, LAK1, LAK3 and penetratin. In mixed
membranes (PC þ PE, PG, or PS), this intrinsic lipidation exhibits selectivity
in respect of lipid type and the acyl chain composition of the individual com-
ponents. This process is of high relevance for peptide and protein turnover
in vivo, as well as an important factor to consider when interpreting data accu-
mulated over significant time periods in vitro.
1210-Pos Board B102
Dynamics and Mechanism of Membrane-Induced Folding of a Small
Beta-Hairpin
Caitlin Davis, James Kindt, R. Brian Dyer.
Emory University, Atlanta, GA, USA.
A complementary approach of experiments and computation were used to char-
acterize the dynamics and mechanism of peptide folding and insertion into the
membrane. SVS-1, an 18-residue anti-cancer peptide that is designed to be dis-
ordered in solution, but fold into a b-hairpin at an anionic bilayer surface, was
used as a model system for protein folding on the membrane. Infrared and fluo-
rescence where used to characterize the folding of the peptide in the membrane.
Laser induced temperature-jumps (T-jump) were used to initiate the folding re-
action. Computational models of tryptophan-containing SVS-1 mutants were
used to guide the choice of targets for fluorescent studies. Molecular dynamic
simulations model the folded and unfolded states at the bilayer surface to esti-
mate timescales of binding, folding and insertion. Simulations were used to in-
terpret and guide future experiments.
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Structure and Energetics of Alamethicin Oligomers
Asif Rahaman, Themis Lazaridis.
The City College of New York, New York, NY, USA.
We have investigated the structure and energetics of alamethicin oligomers in
cylindrical pores using molecular dynamics simulations with a modified ver-
sion of implicit membrane model 1 (IMM1-pore). We have added a new energy
term to IMM1-pore to include the free energy cost of hydrophobic area expo-
sure. With this new energy function, we have studied monomer to nonamer in
cylindrical pores with radii ranging from 5 to 12 A˚. Stable, low energy pores are
obtained for the right combination of radius and oligomeric number.
The smaller oligomers (trimer to tetramer) formed closed pores for pore
radius 6 A˚ while the larger oligomers formed open pores at their optimal
pore size. The octamer in a pore of radius 11 A˚ gives the lowest effective
energy per monomer. The tilt angles of the helices in the pore are 10-25
with respect to the membrane normal. The kink produced by Pro14 makes
the pore funnel-like. Voltage seems to have little effect on the structure and sta-
bility of the pore.
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Cationic Dednrimers as a New Group of Channel-Blocking Antitoxins
Nivedita Bondhu, Ekaterina M. Nestorovich.
The Catholic University of America, Washington, DC, USA.
Binary pore-forming bacterial protein toxins, including anthrax, are among Na-
ture’s most potent biological weapons. Bacillus anthracis, the causative agent
of anthrax, secretes three polypeptides: protective antigen (PA), lethal factor
(LF), and edema factor (EF), which interact at the surface of mammalian cells
to form toxic complexes. LF and EF are enzymes that target substrates within
the cytosol; PA provides a heptameric pore to facilitate LF and EF transport
into the cytosol. In the present study, we evaluate a series of positively charged
poly(amido amine) (PAMAM) dendrimers with the goal of identifying potent
inhibitors of anthrax toxin. We show that all tested cationic dendrimers blockPA63 channels. However, size of the den-
drimers increases with the generation num-
ber, which limits ability of the large multi-
charged dendrimer to enter the channels.
We identify optimal size and charge charac-
teristics of the blockers testing the G0 - G8
generations of PAMAM dendrimers against
the single PA63 using the high-resolution
single-channel measurements in planar
bilayer membranes. Besides, we investigate
the kinetics of the PAMAM dendrimers -
pore binding/dissociation reactions at differ-
ent voltages and salt concentrations.1213-Pos Board B105
Curvature Driven Membrane Organisation Revealed by Single Molecule
Imaging in Droplet Interface Bilayers
Oliver K. Castell, Brı´d Cronin, Mark I. Wallace.
University of Oxford, Oxford, United Kingdom.
Membrane curvature plays a crucial role in lipid and protein sorting within the
cell membrane [1] giving rise to spontaneous self-organisation and localisation
of complex biological macromolecules. Such spatial organisation in response
to, and in generating, membrane curvature contributes to many important bio-
logical processes such as neurotransmission, trafficking and cell division [2].
Despite this importance, the majority of in-vitro studies are performed in planar
or pseudo-planar (GUV) bilayer systems. As such, there is a need for novel
strategies to more closely mimic the curvature of cellular membranes, whilst
allowing for correlated measurements of protein function.
Here, we create Droplet Interface Bilayers (DIBs) [3] on an underlying curved
substrate, resulting in the morphology of the underlying substrate being re-
flected in the curvature of the bilayer. Total Internal Reflection Fluorescence
(TIRF) imaging reveals the correlation of lipid domain formation at sites of in-
trinsic curvature and the preferential localisation and pore formation by antimi-
crobial peptides at regions of positive curvature. This technique provides a new
method for dictating the curvature of artificial bilayers, enabling single mole-
cule studies on the role of curvature in membrane organisation and function.
1. Ramamurthi, K. S. et al. Science 2009 323, 1354.
2. McMahon, H. T. et al. Nature 2005 438, 590.
3. Thompson, J. R. et al. Nano Letters 2007 7, 3875.
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Action of Arginine and Tryptophan Containing Antimicrobial Peptides on
Supported Lipid Bilayers
Gillian Vanderlee1, Zhigang Liu2, Neville R. Kallenbach2,
Christopher M. Yip1.
1University of Toronto, Toronto, ON, Canada, 2New York University,
New York, NY, USA.
Direct observation and quantitative insights of the dynamics of interactions
between membranes and antimicrobial peptides greatly aid in understanding
themechanismsbywhich their exert their action.Wepreviously developeda cor-
related total-internal reflectance fluorescence-atomic force microscopy (TIRF-
AFM) platform that enabled direct determination of local order within the mem-
brane [Oreopoulos and Yip, 2009]. We report here, the results of combinatorial
studies using this platform into the activity of arginine and tryptophan containing
antimicrobial peptides on supported lipid bilayers of varying compositions.
These studies provide direct evidence of membrane destruction and insight into
the mechanisms by which they act. These studies portend to the usefulness of
other correlated approaches, such as coupled ATR-IR-AFM, to directly observe
and quantify interactions between membranes and membrane active molecules.
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NMR Studies of Antimicrobial Peptides Interacting with Intact Bacteria
Taslima Akter, Michael Morrow, Valerie Booth.
Memorial University, St John S, NL, Canada.
Title: NMR studies of antimicrobial peptides interacting with intact bacteria.
Antimicrobial peptides (AMPs), are molecules naturally found in the immune
system, and protect the host from bacteria, viruses, protozoa and other patho-
gens. AMPs are considered to be a potential alternative to conventional antibi-
otics due to the general mechanism of AMP action, which involves membrane
disruption. AMP-membrane interactions are commonly studied using solid
state NMR with model membranes. A number of components of the bacterial
cell envelope, including membrane proteins, peptidoglycan layer, and lipopoly-
saccharide may well modify the interaction of the AMP with the bilayer. Thus,
Monday, February 4, 2013 237awe have developed techniques that use deuterium (2H) solid state NMR to study
AMP-membrane interactions in the context of intact bacteria. In particular we
are investigating the correlation between AMP-induced lipid chain disorder in
intact bacteria and biological function, as measured by minimal inhibitory con-
centration assays.
1216-Pos Board B108
Molecular Dynamics Simulations of Cod Antimicrobial Peptide Paralogs
in Self-Assembled Bilayers
Mohammad Hassan Khatami, Marek Bromberek, Ivan Saika-Voivod,
Valerie Booth.
Memorial University of Newfoundland, St. John’s, NL, Canada.
Gaduscidin-1 and 2 (GAD-1 and GAD-2) are antimicrobial peptides (AMPs)
that are histidine-rich and thus are expected to exhibit pH dependent activity. In
order to help explain their mechanism of membrane disruption, we have
performed molecular dynamics simulations with the peptides in both
histidine-charged and histidine-neutral forms, along with 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphocholine (POPC) lipid molecules. The simulations
employed GROMACS software and an
OPLS-AA force-field. Initially, the peptide
and lipids were placed randomly in the sim-
ulation box and then were allowed to self-
assemble. The peptides were found to asso-
ciate with defects in the bilayer, and to take
on a variety of structures and topologies.
The observed heterogeneity is consistent
with experimental studies with similar pep-
tides, and has potential to help explain the
mechanism by which the peptides can in-
corporate into and disorder lipid bilayers.1217-Pos Board B109
Modulation of Elastic Properties through Unsaturated Lipid Content as
a Mechanism for Inducing Resistance to Amphiphilic Antimicrobial
Peptides
Diego A. Ramirez1, Olaf S. Andersen2, Chad Leidy1.
1Universidad de los Andes, Bogota, Colombia, 2Weill Cornell Medical
College, New York, NY, USA.
We explore whether changes in fatty acid composition in bacterial membrane
models lead to inhibition of amphiphilic antimicrobial peptide-(AMPs) through
the modulation of the membrane elastic properties. Specifically, we examined
whether changes in the unsaturated/saturated fatty acid ratio, which is con-
trolled by bacteria, inhibit AMP function. In phosphatidylglycerol (PG) lipid
bilayers we observe a 10-fold increase in resistance to Magainin-2 (MAG) in
POPG (16:0/18:1) vs. DPPG (16:0/16:0) bilayers and a 20-fold increase in
resistance in DOPG (18:1/18:1) vs. DPPG bilayers, as measured by calcein re-
lease at 45 C (where lipids are in the liquid-crystalline phase). By analyzing the
leakage kinetics, we find that the activation energy for pore formation in DPPG/
POPG mixtures increases linearly with POPG content, confirming that unsatu-
ration is energetically unfavorable for pore formation. Laurdan polarization
(GP) measurements correlate well with MAG resistance, suggesting that
head group spacing is an indicator of resistance (increased head-group spacing
could allow for more peptides to partition into the head group region, instead of
becoming inserted into the bilayer as bilayer-spanning monomers). The
changes in potency cannot be explained solely by the increased head group
spacing, however. We therefore performed leakage experiments using known
modifiers of membrane elastic properties (Triton-X, capsaicin) that both reduce
bilayer stiffness but cause opposite changes in curvature. Bilayer softening
plays a role in decreasing MAG’s potency, whereas the curvature alters only
the leakage kinetics, not potency. Based on previous studies, we propose that
membrane softening somehow makes it more difficult for MAG to reach a crit-
ical concentration necessary to produce pore formationmaybe because the en-
ergetics of lateral association among bilayer-spanning MAG monomers favors
the monomers in softer bilayers. Unsaturated lipids may therefore influence
MAG potency by modulating membrane stiffness.
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Peptide-Induced Bilayer Thinning Structure of Unilamellar Vesicles and
the Related Binding Behavior as Revealed by X-ray Scattering
Ming-Tao Lee1,2, Chun-Jen Su1, U-Ser Jeng1,3, Shiuan-Shiaou Wu1,
An-Chung Su3, Kuei-Fen Liao1, Wei-Yu Lin1, Yu-Shan Huang1,
Chun-Yu Chen1.
1National Synchrotron Radiation Reasearch Center, Hsinchu, Taiwan,
2Department of Physics, National Central University, Jhongli, Taiwan,
3Department of Chemical Engineering, National Tsing Hua University,
Hsinchu, Taiwan.To quantitatively correlate membrane thinning with peptide binding affinity,
we have studied the bilayer thinning structure of unilamellar vesicles (ULV)
of a phospholipid 1,2-dierucoyl-sn-glycero-3-phosphocholine (di22:1PC)
upon binding of melittin, a water-soluble amphipathic peptide. Successive thin-
ning of the ULV bilayers with increasing peptide concentration was monitored
via small-angle X-ray scattering (SAXS). Results suggest that the two leaflets
of the ULV of closed bilayers are perturbed and thinned asymmetrically upon
free peptide binding, in contrast to the centro-symmetric bialyer thinning of the
substrate-oriented multilamellar membranes (MLM) with premixed melittin.
Moreover, thinning of the melittin-ULV bilayer saturates at ~4 %, significantly
lower than the critical thinning of ~8% (determined via the correspondingly
premixed peptide-MLM bilayers) for thermally equilibriated formation of
membrane pores, revealing a critical influence of binding affinity for water sol-
uble peptides. Scaling the peptide-ULV bilayer thinning to that of the corre-
sponding peptide-MLM, of a calibrated peptide-to-lipid ratio, we have
deduced the number of bound peptides on the ULV bilayers as a function of
free peptide concentration in solution. The hence derived X-ray-based binding
isotherm allows extraction of a low binding constant for melittin to the ULV
bilayers, on the basis of surface partition equilibrium and the Gouy-Chapman
theory. Moreover, we show that the ULV and MLM bilayers of di22:1PC
may have a same thinning constant upon binding of a same peptide, hence pro-
viding a basis in establishing X-ray-based binding isotherms for thermody-
namic binding parameters of late stage peptide-membrane interactions prior
to pore formation.
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Molecular Basis of the Blocking Mechanism of Inwardly Rectifying
Channels by Tertiapin
Shobana Sundaram, Chul Ho Yang, Diomedes E. Logothetis.
VCU-School of Medicine, Richmond, VA, USA.
Ion channels are the third largest type of proteins targeted by pharmaceutical
industry accounting for 10% of the currently marketed drugs. Recent advances
in the 3-D structural determination of ion channel proteins coupled with
highly sensitive electrophysiological assays make a compelling case for
rational drug design targeting these proteins. High-resolution structure determi-
nation of inwardly rectifying Potassium (Kir) channels has thus far yielded
two full-length mammalian structures. Specific blockers for Kir channels do
not exist but the small bee venom peptide toxin tertiapin (TPN) targets with
high affinity two Kir channels: ROMK1 and GIRK channels. Mutations of
ROMK1 in the kidney cause hypotension, while, malfunctions of GIRK in
the heart are associated with chronic atrial fibrillation. Modification of
TPN to specifically target one or the other channel bears great therapeutic
potential. We have produced structural models of TPN binding to ROMK1
and GIRK2 channels and have quantified the energies involved for each
channel-toxin interaction pair. In silico mutagenesis has produced remarkably
similar changes to the experimental energies of interaction between the
ROMK1 channel and TPN, lending strong validation to the structural model
employed. Similar studies in GIRK2-TPN interactions suggest differences in
specific interactions of the toxin with each of the two channels. These models
make specific predictions that are being pursued for further experimental
validation. The underlying hypothesis of our approach is that differences in
the interaction energies we compute can guide the design of specific TPN for
different Kir channels.
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Membrane Permeability Induced by Stereo and Retro Analogs of
Histatin 5
Christopher P. Moutos, Suresh Kumar, David S. McNabb.
University of Arkansas, Fayetteville, AR, USA.
Candida species combine to be the major cause of fungal infections in humans.
These infections are becoming increasingly difficult to treat due to resistance to
current common drug therapies or due to the toxicity of other therapeutic com-
pounds. Antimicrobial peptides, short peptides of less than 100 amino acid res-
idues, are known to kill bacterial and fungal pathogens, with the potential to be
a more reliable means of treatment for Candida infections than the drugs cur-
rently available. Humans naturally produce the 24 amino acid cationic histatin
5 peptide. Variants of a 16 amino acid peptide derived from histatin 5 were
chemically synthesized to delineate the structural determinants of their antifun-
gal activity. In-vitro acridine orange leakage assays were used to evaluate the
activity of histatin 5 derivatives with various synthetic membrane bilayers (li-
posomes) composed of differing lipid and sterol compositions. The variants of
histatin 5 were synthesized with alternative stereochemistry and polarity, and
then evaluated with liposomes comprised of either Soy PhosphatidylCholine
(Soy PC), Soy PC þ cholesterol or Soy PC þ ergosterol. The results indicate
that neither the D or L amino acid stereochemistry nor the N- to C- terminal
